On the use of electrical resistivity method in mapping potential sources and extent of pollution of groundwater systems in Lapai Town, Niger State, Nigeria by Tsepav, Matthew Tersoo et al.
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    




On the use of electrical resistivity method in mapping 
potential sources and extent of pollution of groundwater 
systems in Lapai Town, Niger State, Nigeria 
Tsepav Matthew Tersoo1, Aliyu Yahaya Badeggi2, Obaje Nuhu George3 and  
Usman Yusuf Tanko1 Ibrahim Samuel Ibbi4 
1 Department of Physics, Ibrahim Badamasi Babangida University, Lapai, Nigeria. 
2 Department of Mathematics/Computer Science, Ibrahim Badamasi Babangida University, 
Lapai, Nigeria.. 
3Department of Geology and Mining, Ibrahim Badamasi Babangida University, Lapai, Nigeria. 
4Department of Geography, Federal University, Lokoja, Nigeria  
tsematoo@yahoo.com, tmathew39@ibbu.edu.ng  +2348030939122 
Received 23 January 2021, Revised 14 March 2021, Published 30 March 2021 
 
Abstract: Electrical resistivity method employing the Schlumberger array 
was used to occupy forty four (44) vertical electrical sounding points in Lapai 
town with the aim of determining the depth to aquifers, aquifer thicknesses 
and aquifer protective capacity. The G41 Geotron resistivity meter was used 
in obtaining the apparent resistivity data which was processed using Interpex 
1XD resistivity interpretation software. The results revealed four lithologic 
sections which include top lateritic soil, sandy clay, fractured basement and 
fresh basement. Both confined and unconfined aquifers were identified within 
the area, with four classes of aquifer proactive capacities as high, moderate, 
weak and poor. While the aquifer at VES 20 was highly protected, twenty 
other aquifers were moderately protected, eight others had weak protection 
and fifteen aquifers were poorly protected. The aquifers were generally of 
good thicknesses and at varying reasonable depths, making them good 
reservoirs of water in appreciable quantity. The average aquifer thickness was 
estimated to be 48.36m while the average depth to aquifers was estimated to 
be 56.68m 
Keyword : Aquifers, resistivity, protective capacity, Transmissivity and 
Conductance. 
1.  Introduction 
Lapai town is the headquarters of Lapai Local Government Area of Niger State. It has 
an area of 3,051 km2 and a population of 110,127 at the 2006 census (Lapai, 2020). The 
town houses the state University, Ibrahim Badamasi Babangida University that has 
students’ population of over 10,000, more than 1,000 employees, over 50% of whom 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 5 No. 1 (2021) 18-36 doi: 10.20961/jphystheor-appl.v5i1.51563 
 
T. M. Tersoo, A. Y. Badeggi, O. N. George, U. Y. Tanko, I. S. Ibbi. 19 
 
reside in Lapai with their families. As a result, there is an increased influx of people to 
the town for business opportunities.  
The town has only one seasonal stream which goes round the township up to halfway 
of the town’s circumference. Due to uncontrolled refuse dump, the stream is highly 
polluted making the water from the stream unsafe for domestic and Agricultural uses. The 
only source of potable drinking water is through borehole drilling into underground water 
bodies. 
Water is an essential commodity that sustains all living things. There are many sources 
of water including rain, well, river, stream, groundwater, etc. A large portion of the 
world's fresh water resides underground, stored within cracks and pores in the rock that 
make up the Earth's crust. Groundwater is seen as liquid flowing through shallow 
aquifers, but it can also include soil moisture, permafrost, immobile water in very low 
permeability bedrock and deep geothermal or soil formation water. In recent times, 
attention has shifted to the use of groundwater to meet the need for water supply, since 
most surface and shallow water bodies have been polluted. Groundwater is often 
withdrawn for agricultural, domestic and industrial use; however, the heavy concentration 
on its usage has become a source of concern to hydrologists. The extreme use of 
groundwater resources can raise concerns such as uplifting and seismic activities, 
ecological environment deterioration, land subsidence, vegetation degradation of 
livelihoods for rural poor, and food security implications. In view of the shrinking 
groundwater resources, it is important to develop effective techniques and methods to 
study the trend of groundwater storage (increase/decrease) and its recharge-discharge 
relationship, which can support the mitigating measures of over pumping shallow 
groundwater to ensure the sustainable utilization of groundwater resources (Muhammad 
et al., 2020).  
Due to increasing urbanization, surface water and groundwater resources are prone to 
over contamination and more stringent treatments would be required to make them 
potable. Studies of physico-chemical characteristics of underground water are often 
required to find out whether it is fit for drinking or some other beneficial. According to 
Environmental protection Agency (EPA, 2018), stressors that affect groundwater 
condition include application of pesticides and fertilizers to the land, waste from livestock 
and other animals, landfills, mining operations, and unintentional releases such as 
chemical spills or leaks from storage tanks. Some groundwater has high levels of naturally 
occurring dissolved solids (salinity), or metals such as arsenic found in natural rock 
formations. 
There are a good number of water banks in close proximity to Lapai town. Prominent 
among them are the Agaie/Lapai Dam at Bakajeba over Ebba River and the Gurara River, 
which is a tributary of the Niger River. Another river is located in Badeggi, a town about 
55km away from Lapai along Bida road. It is a tributary of River Kaduna. The Baro Sea 
Port is about 60km south of Lapai. The following surface water streams and Rivers are 
found within and around Lapai: River Dambugi, River Makara, River Etwanyagi, River 
Vudi, River Shekai and River Shikugi amongst others. Given this number of rivers around 
Lapai, one would conclude that there should be adequate supply of potable water to Lapai 
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metropolis and its environs. But what we witness is that many water projects such as 
Agaie/Lapai Dam, Gurara and Baro water projects are abandoned. The only public water 
supply agency has in Lapai Town has remained moribund over the years and the open 
streams are continuously being contaminated by indiscriminate refuse disposal 
mechanisms.  
The rapid growth in the population of Lapai town occasioned by the presence of the 
Ibrahim Badamasi Babangida University which attracts students, workers and business-
minded people in thousands every year, has led to over dependence on borehole as the 
only dependable source of potable water. There is therefore, the need to explore for more 
sources of potable water and then study the likelihood of contamination of this natural 
resource in Lapai town and its environs. The rapidly growing population leading to high 
dependence on this essential commodity coupled with illegal disposal of effluents 
therefore portends a serious danger on the existing sources of groundwater.  
As a matter of fact, groundwater contamination is a global problem that has a 
significant impact on human health and ecological services (Li et al., 2021). Organic 
pollutants, including polycyclic aromatic hydrocarbons (PAHs) and polychlorinated 
biphenyls (PCBs) are common contaminants of anthropogenic origin in groundwater that 
could cause serious health problems. The Ololade et al., (2021), investigated PAHs and 
PCBs in groundwater near selected waste dumpsites located in two southwestern states 
in Nigeria. They found that the more water-soluble, low molecular weight-PAHs 
accounted for more than 61% of the total PAHs detected across all locations, but 
surprisingly the more highly chlorinated hexa-PCBs dominated the congener profiles. In 
a related work, Ambade et al., (2021) investigated the occurrence, distribution, health 
risk, and composition of 16 priority PAHs in drinking water from southern Jharkhand in 
the eastern part of India. They found that lower and middle molecular weight PAHs were 
dominant in groundwater from the study area, but the levels were below concentrations 
that could constitute a carcinogenic risk.  
In their research on A Comparative Investigation of Groundwater Contamination in 
Typical Dumpsites and Cemetery Using Electrical Resistivity Tomography and 
Physicochemical Analysis of Water in Benin Metropolis, Idehen (2020), observed the 
implications of land utilization for burial of dead human bodies in the form of cemeteries 
and location of refuse dumps as having a significant potential contaminant effect in the 
environment and especially the groundwater component.  
Electrical resistivity methods have been applied for studying variations of resistivity 
with depth or for lateral variations. These variations arise due to the difference in 
electrical properties of rocks in the lithologic units of the subsurface and fluid content. 
The aim of VES survey is usually to obtain true resistivity logs similar to the induction 
log of a well in the vicinity without actually drilling a hole. The method has remained the 
most inexpensive of subsurface exploration methods with a very good propensity for 
noble results thereby making the method very suitable for groundwater exploration.  
Geophysical investigations have been carried out in different parts of the world for 
groundwater investigation. Oni et al., (2020) used magnetic method as a tool in 
groundwater investigation in a basement complex terrain. Olorunfemi et al., (1999) used 
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the electrical resistivity method in investigation of geo-electric and hydro-geologic 
characteristics of areas in Southwest Nigeria. Ayolabi, et al., (2009) carried out 
groundwater investigation at Igbogbo, Lagos, using seismic refraction and electrical 
resistivity techniques. Osuagwu, (2009), used very low frequency electromagnetic and 
vertical electrical sounding techniques in delineating aquifer zones in Modeme area, Ife, 
Osun State. Tsepav et al., (2015) used electrical resistivity method to characterise aquifer 
precincts in parts of Lapai, North Central Nigeria. Oladipo et al., (2011) in their work 
titled “Contaminant evaluation of major drinking water sources (boreholes water) in 
Lapai metropolis,”  observed that Lapai and its environs depend solely on spring water, 
running stream water, private and general boreholes water for drinking and other 
household usages.  
Tsepav and Israel (2011), conducted an investigation on some areas of Ibrahim 
Badamasi Babangida University, Lapai, using D. C. resistivity method. The survey was 
aimed at providing information on the groundwater potentials of the areas. It was 
discovered after analysis, that areas under study have very good groundwater potential. 
In another related work, Olabode et al., (2015) evaluated groundwater resources of the 
Middle Niger (Bida) basin. They evaluated the hydrogeological potential of the terrain. 
A total of about 50 boreholes located in the area were selected for study. In the final 
analysis, it was discovered that groundwater occurred both in confined and semi-confined 
conditions and that depth to water rarely exceeds 50m, though in some few cases the 
depth might be over 70m. On the average, they estimated well yield to vary between 
1.08m3/hr and 19m3/hr. Obiora et al., (2015) carried out electrical resistivity survey in 
Makurdi, Benue state capital, north–central Nigeria to evaluate aquifer protective 
capacity and soil corrosivity of overburden units. Using Winresist software, 3–4 
geoelectric layers were obtained and the protective capacities of the study area were 
classified as 36.67% weak, 10% poor, 40% moderate, and 13.33% as good. The 
corrosivity ratings of the study area show that 10% is strongly corrosive, 23% moderately 
corrosive, 37% slightly corrosive, and 30% noncorrosive. 
In a related study, Olajide et al., (2020) evaluated the groundwater potential and 
aquifer protective capacity of the overburden unit in part of Iju, Akure North, Ondo State 
using integrated geophysical methods involving Very Low Frequency Electromagnetic 
(VLF-EM) profiling and Vertical Electrical Sounding (VES). Four major traverses were 
established of varying length extents while forty two Vertical Electrical Soundings were 
also conducted with half electrode spacing varying between 1 and 100 m and 
interpretation was done using the partial curve matching techniques and computer aided 
iteration. Five subsurface geological units were identified consisting of the top soil, 
lateritic, weathered, partly weathered and fresh basement layers consecutively. The 
aquifer protective capacity of the study area shows that close to 70 % of the study area 
fell within the zones of low groundwater potential, 25 % falls within medium potential 
zones while only 5 % made up the high potential zones while 75 % of the study area 
constituted the weak to poor protective capacity zones.  
The data used in this study was obtained from Lapai town within 5km radius. Thus the 
result of this work may not be applicable to locations other than this, except where similar 
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conditions prevail. The scope of the study will cover geophysical mapping of good 
aquifers, depth to aquifer measurements and determination of aquifer protective capacity. 
2.  Geology of the study area 
About ninety per cent (90%) of Lapai is underlain by rocks of the basement complex 
and about ten per cent (10%) by sedimentary rocks (Obaje et al., 2020). The basement 
complex rocks occur to the north, south and east of Lapai while sedimentary rocks cover 
the areas to the West with contact to the basement at the stream valley by the Water Board 
on the road to Agaie (Fig. 1). These different rock types determine the water table levels, 
the aquifer systems and the water budget. These variables become more diversified 
depending on the component of the basement complex and the sedimentary formation 
that make up the bedrock under study. The bedrock geology of Lapai can further be 
discussed within the context of the regional geology of Nigeria made up of the Basement 
Complex, Younger Granites and Sedimentary Basins (Fig. 2). 
 
 
Figure 1. Geological Map of Town 
and Lapai Local Government area 
Figure 2. Generalized geological map of 
Nigeria 
2.1.  The Basement Complex Rocks 
Within the basement complex of Nigeria three major petro-lithological units are 
distinguishable, namely: Migmatite – Gneisses, Schists, and Older Granites 
(differentiating them from the Younger Granites concentrated around Jos). 
The Migmatite – Gneiss Complex is generally considered as the basement complex 
sensu stricto and it is the most widespread of the component units in the Nigerian 
basement It has a heterogeneous assemblage comprising migmatites, gneises, and a series 
of basic and ultra-basic metamorphosed rocks (Rahaman et al., 2019) and it is the most 
widespread of the component units in the Nigerian basement Obaje et al., (2019). It has a 
heterogeneous assemblage comprising migmatites, gneises, and a series of basic and 
ultra-basic metamorphosed rocks. They generally occur intricately associated with the 
Older Granites intruding into them and in some places along with schist belts, but 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 5 No. 1 (2021) 18-36 doi: 10.20961/jphystheor-appl.v5i1.51563 
 
T. M. Tersoo, A. Y. Badeggi, O. N. George, U. Y. Tanko, I. S. Ibbi. 23 
 
chronologically the Migmatite-Gneiss complexes are oldest (older than Schist Belts older 
than Older Granites). In Lapai area, Migmatite-Gneisses occur to the east and are readily 
mappable on the road that passes through Gulu Junction (Mararaba) though Kudna to 
Lambata. Schistose rocks are also very abundant on the same axis. Older Granites 
dominate the bedrock cover from Lapai central to the north on Lapai – Paiko road. 
2.2.  Sedimentary Rocks 
In Lapai, sedimentary rocks comprising the Bida Sandstone and the Enagi Formation 
(made up mainly of sandstones, siltstones and claystones) form the bedrock to the west 
beginning from the stream channel at the Lapai Water Board office. As stated earlier, 
these rock types (sedimentary) make up only about 10% of the total areal rock cover of 
Lapai. The sedimentary rocks belong to the larger sedimentary sequences that form the 
Bida Basin. The Bida Basin itself is a NW-SE trending intracratonic structure extending 
from slightly south of Kontagora in Niger State in the north to the area slightly beyond 
Lokoja (Kogi State) in the south. The formations deposited in the Bida Basin comprise 
the Bida Sandstone at the base, followed successively upward by the Sakpe, Enagi and 
Batati Formations in the Northern/Central Bida Basin while the Lokoja, Patti and Agbaja 
Formations constitute lateral equivalents in the Southern Bida Basin (Obaje et al., 2020).  
3.  Materials and Methods 
3.1.  Materials 
The materials used for the work were G41 Resistivity Meter, non-polarizable 
electrodes, current and potential cable reels, hammers, measuring tapes, GPS device, 
recording materials and Interpex 1XD Resistivity interpretation software. 
3.2.  Theory of Electrical Resistivity  
These are based on Ohm’s law which holds for simple circuits as well as earth 
materials through which current flows. When measurements are made over a 
heterogeneous earth, it is apparent resistivity ρa that is measured. These apparent 
resistivity values from field observations at various locations, and with various electrode 
configurations, are used to estimate the true resistivities of the several earth materials 
present at a site and to locate their boundaries spatially below the surface of the site. The 




                                 (1)                                                                          
where ΔV and I are voltage drop and current respectively and 












)−1             (2)                                                                  
 is the geometric factor which depends on the electrode spacing.  
An electrode array with constant spacing is used to investigate lateral changes in 
apparent resistivity reflecting lateral geologic variability or localized anomalous features 
while the electrode spacing is varied if the changes in resistivity with depth are to be 
investigated (Tsepav et al., 2015). The types of electrode arrays that are most commonly 
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used are Schlumberger and Wenner. In each case, direct current is passed into the earth 
at 𝐴 and received at 𝐵. The potential generated in the earth as a result of this current is 
measured between the potential electrodes 𝑀and 𝑁 as shown in Figure 3. 
 
Figure 3. Electrode configuration 
3.3.  Aquifer Protective Capacity Evaluation 
The ability of an earth medium to retard and filter percolating fluid is the measure of 
its protective capacity (Olorunfemi et al., 1999). The protective capacity of an overburden 
exerted by retardation and filtration of percolating pollutants is directly proportional to 
its thickness and inversely proportional to its hydraulic conductivity. As such, clayey 
material content is generally characterized by low permeability, low resistivity, low 
hydraulic conductivity and longitudinal unit conductance values. Hence the protective 
capacity can be considered as being proportional to the longitudinal conductance (S). 
Therefore, the higher the overburden longitudinal conductance of an area, the higher its 
protective capacity. 
If we have n − 1 layers overlying a semi-infinite substratum of resistivity ρn, the 





𝑖=0 (Siemens)     (3)                                                                                                        
where 𝜌𝑖 and ℎ𝑖 are the layer resistivity and thickness of the i
th layer respectively.  
The protective capacity (𝑃𝑐) of an overburden layer is proportional to its longitudinal 
conductance S, so that: 
 𝑃𝑐 = 𝑆 
According to Bello et al., (2019) when the longitudinal conductance value is greater 
than 0.7 mhos, the layers are adjudged zones of good protective capacity. The portion 
where the conductance value ranges between 0.2 and 0.69 mhos is classified as zones of 
moderate protective capacity. The zones which have conductance value ranging from 0.1 
and 0.19 mhos are classified as zones of weak protective capacity and where it is less than 
0.1 mhos the areas are considered as having poor protective capacity.  
The Dar Zarouk parameter for transverse resistance (R) is expressed by Bello et al., 
(2019) as: 
 𝑅𝑖 = ∑ ℎ𝑖
𝑛
𝑖=1 . 𝜌𝑖(𝑜ℎ𝑚. 𝑚
2)            (4)  
where 𝑝𝑖 is the layer resistivity and ℎ𝑖 is the thickness of the ith layer. 
Transverse resistance is numerically equal to the transmissivity, T. If the transverse 
resistance values are >400 Ω𝑚2 and correspond to zones where the thicknesses and 
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resistivities of the aquifer are large, the aquifer materials are highly permeable to fluid 
movement within the aquifer, which may possibly enhance the migration and circulation 
of contaminants in the groundwater aquifer (Bello et al., 2019). 
3.4.  Field Procedure 
The preliminary field techniques involved clearing of profiles, measurements and 
pegging at prospective electrode points. The G41 Geotron Resistivity Meter was used for 
data collection, while a global positioning system (GPS) device model 60Cx was used to 
obtain the coordinates of each VES point. Direct current was introduced into the ground 
through a pair of steel, non-polarizable electrodes driven into the ground. Two potential 
electrodes closely spaced and symmetrical about the sounding point were sandwiched by 
two current electrodes.  
Measurements of the apparent resistivity values were then read off from the equipment 
at each potential and current electrode spacing, at the lowest standard deviation. To 
increase the depth of investigation, the current electrode separation was increased while 
the potential separation remained constant. The potential electrodes were however 
changed whenever a loss in sensitivity was noticed and measurements repeated for the 
same current spacing.  
With the use of Schlumberger electrode spacing, forty four (44) VES stations were 
occupied and the apparent resistivity data so obtained were plotted against half electrode 
separation on a logarithmic scale and interpreted quantitatively using the interpex 1xD 
sounding interpretation software which provides an automatic means of analyzing and 
determining models. 
4.  Results and Discussion 
The quantitative treatment of the vertical electrical soundings provided geoelectric 
information characterized by the values of resistivity and thickness. These geoelectric 
parameters defined the geoelectric model.  
VES 1 – 4 were obtained in Magaji area of Lapai while VES 5 – 8 and 9 – 12 were 
respectively obtained from Galadima and Kure areas. VES 13 – 16 were situated in 
Mararaba area with VES points 17 – 20 located in Lapai Market while IBB University 
contributed VES points 21 – 44.   
The raw resistivity values measured at various VES points within the study area using 
Schlumberger array were plotted against half electrode spacing (AB/2) using Interpex 
1XD software to obtain the resistivities of the various subsurface layers together with 
their thicknesses. This information was then used to compute the longitudinal 
conductance and transmissivity values for each layer using equations (8) and (9) 
respectively, from where aquifer protectivity was inferred.  
Figures 4 (a – f) show the results of the plot along with depth logs while Table 1 shows 
the number of layers, resistivity of each layer, layer thickness, depth to top of each layer, 
longitudinal conductance, transverse resistance and lithology of the layers. Four basic 
lithologic units comprising the top lateritic soil; sandy clay; fractured basement and the 
basement rock were delineated. Table 2 shows the protective capacity of aquifers at each 
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VES point, based on the total longitudinal conductance of the overburden, and using the 
rating by Bello et al., (2019). 
 
(a) Apparent Resistivity vs AB/2 with depth log for 
VES 1 
 
(d) Apparent Resistivity vs AB/2 with depth log for VES 
14 
 
(b) Apparent Resistivity vs AB/2 with depth log for 
VES 9 
 
(e) Apparent Resistivity vs AB/2 with depth log for 
VES 20 
 
(c) Apparent Resistivity vs AB/2 with depth log for 
VES 8 
 
(e) Apparent Resistivity vs AB/2 with depth log 
for VES 27  
Figure 4 (a – f). Graphs of Apparent Resistivity vs AB/2 with depth logs for selected 
VES points  
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An examination of the interpreted data has revealed both confined and unconfined 
aquifers within the study area. Three VES points displayed some irregular patterns by 
having very low resistivity values for the basement rock compared to the fractured 
basement. These irregularities were observed at VES points 33, 38 and 41 (Table 1 refers). 
These low resistivities could be attributed to the presence of high conductive material in 
the basement which could be rich in ironstones. 
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Whereas the aquifer formations at VES points 20, 21, 22, 23, 24, 25, 26, 27, 29, 30, 
31, 34, 36, 39, 40, 42 and 43 were identified as unconfined aquifers on account of the low 
resistivity values of the fractured basement compared to the basement rock, all other 
aquifer formations at the other VES points (except for the irregular ones mentioned 
earlier) were identified as confined. This is because of the higher resistivity values of 
those formations compared to the basement rock. 
Table 2 shows four classes of aquifer proactive capacity as delineated, to be high, 
moderate, weak and poor. While the aquifer at VES 20 was highly protected, twenty other 
aquifers were moderately protected. These were the aquifers at VES 1, 2, 22 – 33, 36, 37, 
38, 41, 42 and 44. Eight other aquifers had weak protection; these include the aquifers at 
VES points 3, 9, 13, 18, 21, 34, 40 and 41. The remaining fifteen aquifers were poorly 
protected. They include the aquifers at VES points 4 – 8, 10 – 12, 14 – 17, 19, 35 and 43. 
Generally, the aquifers are of good thicknesses and at reasonable depths, making them 
good reservoirs of water in appreciable quantity. However, most areas have high values 
of Transverse resistance which are associated with the zones of high transmissivity; 
hence, these zones are suggested for the installation of monitoring wells for the 
unconfined aquifer.   























































































39.74 41.11 0.1109736 Weak 
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59.27 62.47 3.115.437 High 
21 9.072160N ; 6.570800E 36.8 46.3 0.17847 Weak 
 
22 9.067800N;  6.568310E 22.6 34.4 0.20173 Moderate  
23 9.067600N; 6.572110E 17.8 23.0 0.20868 Moderate  
24 9.067000N ; 6.572490E 12.7 20.4 0.29259 Moderate  
25 9.063740N;  6.574090E 36.1 55.0 0.37503 Moderate  
26 9.064670N; 6.570250E 25.1 41.4 0.34462 Moderate  
27 09.0719N; 006.5344E 22.20 29.30 0.3775643 Moderate  
28 09.7619N; 006.554E 22.30 29.10 0.3852721 Moderate 
 
 








006˚35’56.3E    




006˚35’52.9E                                         




006˚36’01.2E                        
2.45 4.92 0.216024 Moderate 
 
34 
09˚02’43.7N   
006˚36’01.6E                        
60.0 69.3 0.168349 Weak 
 
35 
09˚02’50.5N   
006˚35’53.6E                         




006˚36’04.6E                     




006˚35’59.1E                           




006˚35’54.2E                                                     
54.0 58.6 0.302182 Moderate  
39 
09˚02’48.3N;  
006˚36’3.8E                                                                                                                         





006˚35’59.1E                                                                                                    




006˚35’54.2E                                                                                                                                                     




006˚36’05.3E                                                                                                  




006˚36’01.6E                                                                                                                                             
6.00 8.39 0.098376 Poor 
 
44 
 09˚02’42.2N;  
006˚35’57.8E                                                                                                                                      
40.0 44.5 0.378279 Moderate  
 Minimum 2.45 4.92    
 Maximum 128.5 136.4    
  Average 48.36 56.68      
The highest and lowest aquifer thicknesses were observed at VES 1 and VES 33 with 
respective values of 128.5m and 2.45m. The depth to the top of each aquifer varied from 
4.92m at VES 33 to 136.4m at VES point 1. The average aquifer thickness within the 
study area is estimated to be 48.36m while the average depth to aquifers is estimated to 
be 56.68m. Boreholes drilled within the vicinity of the study area have had very good 
yield at depths ranging from 40m to 60m. These results are consistent with those obtained 
by Tsepav et al., (2015) and Oladipo et al., (2011). 
5.  Conclusion 
The geophysical survey has allowed us to obtain lithological identification and to 
characterize the conditions of the underground water of the studied area. Four geoelectric 
layers were identified; the top lateritic soil, sandy clay, fractured basement and the fresh 
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basement. Aquifers thicknesses and depths to geoelectric layers were delineated within 
the study area. Areas with high values of Transverse resistance were associated with the 
zones of high transmissivity; hence, these zones are suggested for the installation of 
monitoring wells. The longitudinal conductance illustrates the non-permeability of the 
confining clay layer. Values of S > 1.0 siemens indicated zones in which the confined 
aquifer would be well protected; in comparison, values of S < 1.0 siemens would indicate 
zones of probable risks of contamination. Between these extreme values, moderately, 
weakly and poorly protected areas were also identified. 
In order to fully harness the natural potentials of potable groundwater and its full 
utilisation, the following recommendations are evident: 
i)  Geophysical survey should be conducted anywhere there is need for potable 
groundwater to determine the best and most protected aquifers. 
ii) Citing of indiscriminate dumpsites should be discouraged especially in the 
vicinity of residential houses so as to guide against the risk of exposure to 
contaminated groundwater. 
iii) Geochemical analysis should also be conducted to ascertain the types of 
contaminant effluents present in the groundwater reservoirs, for the purpose 
of comparison to world standards. 
iv) Where necessary, water from the suspected areas of contamination should be 
subjected to proper treatment before usage, especially for drinking. 
v) Periodic geophysical and geochemical investigations should be undertaken to 
determine the rate of leachate migration in the areas so as serve as a guide for 
further groundwater developmental plans. 
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